Results
198 patients were transplanted. The mean age was 38 +/-10.5 years, 127 (64.1%) were male, and 86 (43.4%) were of African ethnicity. Deceased donor organs were used for 130 (66.7%) patients and living donors for 65 (33.3%). There were > 5 HLA mismatches in 58.9% of transplants. Sepsis was the commonest cause of death and delayed graft function [DGF] occurred in 41 (21.4%) recipients. Patient survival was 90.4% at 1 year and 83.1% at 5 years. Graft survival was 89.4% at 1 year and 80.0% at 5 years. DGF (HR 2.83 (1.12-7.19), p value = 0.028) and recipient age > 40 years (HR 3.12 (1.26-7.77), p value = 0.014) were predictors of death.
Conclusion
Despite the high infectious burden, stratified immunosuppression and limited tissue typing this study reports encouraging results from a resource constrained transplant programme in PLOS 
Introduction
Over the last two decades early kidney transplantation outcomes have improved dramatically due to better immunosuppression, enhanced understanding of immunology and advances in technical approaches. [1] Transplantation remains the treatment of choice for end stage renal disease [ERSD] due to superior survival rates, better quality of life and cost saving. [1] [2] [3] [4] Transplantation in the public sector in South Africa [SA] is a vital service since dialysis is often rationed due to limited resources. The Western Cape Provincial Government has formally adopted a priority setting policy for acceptance onto dialysis, which can be defended, ethically and legally. [5, 6] In many state facilities a new patient can only be offered chronic dialysis when an existing patient is successfully transplanted. Therefore, transplantation is essential to provide access to new patients requiring renal replacement therapy [RRT] . Despite the known benefits, transplantation in Sub-Saharan Africa [SSA] has unique challenges and is limited in scope. The evolving epidemic of communicable diseases particularly human immunodeficiency virus [HIV] and tuberculosis [TB] [7] and an ever-increasing burden of non-communicable diseases [8] , fuels the increasing incidence of chronic kidney disease [CKD] . This problem is compounded by limited numbers of nephrologists [9] , limited resources, poor access to RRT [10] and a high burden of poverty. Most of SA's population accesses public-sector medical care with many countries in SSA having no public sector access at all. [11] [12] [13] In Africa, it is reported that only 16% of patient requiring RRT receive it. [10] As a result of these challenges transplantation in SA falls into the lowest quartile of transplantation rates worldwide, with less than 10 per million population. [1] SA remains one of only 12 countries within Africa that perform renal transplantation, and the only country in Africa that relies on deceased donation for the majority of its transplants. [14] Unfortunately the number of deceased donors has declined over the last two decades, necessitating a more liberal approach to donor selection allowing the service to expand the deceased kidney donor pool. This includes a HIV positive-to-positive transplant program, the utilisation of extended criteria donors [ECD] as well as donors after circulatory death [DCD] . [15, 16] Groote Schuur Hospital [GSH] is a public academic hospital in the Western Cape Province in SA that serves an estimated population of 6,362,257 million. Around 75% of this population is uninsured and therefore relies on public sector medical care. [11, 12] Acute dialysis is free for indigent patients. However chronic dialysis is rationed and limited to 148 slots (98 for haemodialysis and 50 for peritoneal dialysis). This process is ethically endorsed and strictly adhered to. [6, 17] A study by Kilonzo et al reviewing the selection criteria, reported that of the 569 patients presented for the RRT in a four-year period, more than half 53.9% were not accepted. [6] The selection criteria for acceptance are primarily based on suitability for transplantation. [6] The programme also provides transplantation services for patients from elsewhere in the Western Cape (George), the Eastern Cape (East London and Port Elizabeth) and the Northern Province (Kimberley).
To date there is very little information reporting outcomes on transplantation programmes using deceased donation in low middle income countries [LMICs] and African countries. [13] Therefore this study aimed to evaluate transplant outcomes and identify poor prognostic factors in a resource-limited setting.
Methods
This study was an observational cohort study. The data were collected on all patients who underwent kidney transplant at GSH from 1st July 2010 to the 30 June 2015. Ethical approval for the study was received from the human research ethics committee at University of Cape Town [HREC: 759/2014]. This approval permitted a folder review of patients transplanted within this time period. Informed consent for folder review was waived. All clinical and laboratory data were obtained from routine clinic visits which followed the best clinical practice guidelines set out by KDIGO. [18] All kidney biopsies were only performed for clinical indications including unexplained haematuria, proteinuria or rising creatinine. All patients were anonymised prior to statistical analysis. None of the transplant donors were from a vulnerable population and all donors or next of kin provided written informed consent that was freely given. The primary objectives of the study were to determine patient and graft survival estimates. The secondary objectives were to assess the factors associated with poor outcomes.
The data collected on the recipients included demographics (age, sex, race); baseline status (comorbidities, mode of dialysis, cause of ESRD, and previous transplantation). Immunologi The details of the transplant were collected: number of previous transplants, cold ischaemic time, length of stay in hospital, complications and delayed graft function [DGF] . Follow-up clinical data of the recipients (creatinine, opportunistic infections, rejection episodes and graft outcomes) were collected from folder review from routine clinical follow-up.
A Rutherford-Morison incision was used to facilitate extra-peritoneal graft placement. During deceased donor transplants, the renal artery was anastomosed using a Carrel patch. Extension of the right renal vein with donor inferior vena cava was performed at the surgeon's discretion. Traditionally, kidneys retrieved from living donors were anastomosed to the internal iliac artery in an end-to end fashion. However, during the last 18 months of the study period, end-to side anastomosis to the external iliac artery was preferred. Urinary tract continuity was re-established by anti-reflux uretero-neocystostomy (extravesical Lich Gregoir technique). Uretero-ureterostomy was performed in the presence of short ureters or inaccessible bladders. Double-pigtail ureteric stents (Fr6) were used in patients with abnormal bladders Rejection episodes peri-transplant and within the study period were collected. Rejection was classified according to the BANFF 2007 criteria. Renal biopsies were performed when clinically indicated.
The type of immunosuppression was documented. Induction therapy, continuation therapy and reason for treatment change were recorded. Treatment options were stratified based on immunological risk as per the institute's protocol. Low risk patients (low PRA <30% and not previously transplanted) received no induction and were started on cyclosporine, corticosteroids and azathioprine. Patients were categorised as high risk if they had donor-specific antibodies [DSA], high PRAs (>30%), previous transplantation or if HIV positive. These patients received induction therapy with anti-thymocyte globulin [ATG] and were initiated on tacrolimus, corticosteroids and mycophenolate mofetil [MMF] . In 2014, Basiliximab became available to our programme and was added to our protocol for patients with intermediate risk in conjunction with cyclosporine and azathioprine. For full details of the GSH unit's transplant protocol see S1 File. Due to individual side effect profiles particularly for gout and cosmetic concerns in females, cyclosporine was switched to tacrolimus in selected patients.
Isoniazid prophylaxis was given for 1 year and valgancyclovir for 3 months. If ATG was used as induction then cotrimoxazole was given for 6 months and the duration of valgancyclovir was extended to 6 months.
During the study period HLA typing was initially limited to HLA A, and B. Class 2 HLA antibody testing was only commenced in 2013 and included DR and DQ loci. A CDC T-cell crossmatch was performed on all deceased donor transplants and a flow crossmatch was only performed on LD who had a DSA. B-cell crossmatching was not performed because of limitations in the tissue-typing lab. Solid phase based Luminex assay screening for antibodies with mean fluorescent index [MFI] flow cytometry was only available from 2013. Desensitization (plasma exchange with intravenous immunoglobulin) was performed on all LDs with a positive flow crossmatch.
For patients with more than one transplant, outcome analyses were based on the later graft. Graft failure was defined as patients requiring permanent RRT, graft removal or re-transplantation. DGF was defined as renal dysfunction and oliguria requiring dialysis within the first week of transplantation. Primary graft failure [PGF] was defined as a graft that perfused intra operatively but never functioned. Patients who died were sub-divided into those with or without a functional graft. Details on cause of death were obtained from hospital records, death certificates and contacting family members.
Statistical analysis
Baseline patient characteristics, clinical variables and donor population were described using summary statistics. Continuous variables were summarised as mean (± standard deviation [SD]) or median (with interquartile range [IQR]) depending on the distribution of data. Categorical variables were summarised as frequency and percentages.
The primary outcomes of interest were time to death and time to death-censored graft survival. Patients who did not experience either outcome were censored at last follow up or end of study period (30 June 2015) . Survival probability at 1, 2 and 5 years was estimated using Kaplan-Meier method, and associations between risk factors and primary outcomes (time to death or time to death-censored graft failure) were analysed using univariable and multivariable Cox proportional hazards models. Variables included in survival models were chosen a priori based on their clinical relevance (recipient age, DGF, rejection episodes, donor type and donor age) or to control for possible confounding (age, gender and race). Episodes of rejection were included in models as a time varying covariate [tvc] . HRs were reported with 95% confidence intervals [CI] to increase interpretation of precision of estimates. None of variables included in final multivariable models violated the proportional hazards assumption. All analyses were conducted using Stata software, version 14.2 (StataCorp, College Station, Texas, USA).
Reporting of results were reported according to STROBE (Strengthening the Reporting of Observational studies in Epidemiology) guidelines. 
Donor population
In the study, 130 (66.7%) patients received kidneys from deceased donors and 65 patients (33,3%) from living donors. The unit has a small DCD programme resulting in 7 donations during the study period. 11 patients were enrolled in the HIV positive donor to HIV positive recipient trial. Trauma accounted for 67 (54%) of deceased donations, the vast majority being male 56 (84%). Females accounted for 36 (59%) of LDs. Table 1 describes the demographic breakdown of the donor population. Table 4 . DGF occurred in 41/192 (21.4%) of the transplanted patients. Fig 1 describes the post transplant complications. The most common perioperative complication was sepsis followed by ureteric complications (ureteric stenosis n = 13, urine leak n = 10, vesico-enteric fistula n = 1). Prior to discharge 35 patients required a medication change. The reasons for this included rejection (n = 22), side effects (n = 9) and interstitial nephritis (n = 4). Table 5 reflects the biopsy proven rejection episodes seen within the first month, in the first year and between 1-5 years post transplantation. Within the first month we had 32 rejection episodes, and at the end of the first year there was a total 59 episodes. Rejection reported within this first year included repeat events. Between the end of the first year and 5 years there were only 11 episodes. There were 11 cases that were not biopsy proven and treated on the basis of clinical suspicion. These cases have not been included in the rejection analysis. The causes of death included sepsis (n = 13), cardiovascular events (n = 2), malignancy (n = 2), thromboembolic events (pulmonary embolism and cerebrovascular event) (n = 2), post-surgical haemorrhage (n = 1), and 1 from rejection where dialysis support was not offered. In 3 patients the cause of death was not identified. Twelve patients died with a functioning graft. The most common cause of death in the 24 patients was sepsis 13 (54.2%). Table 6 details the aetiology of the septic episodes and timing in relation to transplantation. The PGF rate was 8/198 (4%). Our 30-day graft nephrectomy rate was 11/198 (5.5%). Eight patients (4%) underwent graft nephrectomy for acute vascular thrombosis (6 arterial and 2 venous), as the grafts were not salvageable on re-exploration. Five of the six arterial thromboses occurred in living donor recipients and two were venous thromboses. Three additional graft nephrectomies were performed due to urological complications, which resulted in graft failure. Table 7 demonstrates factors associated with mortality and graft failure on multivariate analysis. The following factors were found to be associated with poor patient survival in the multivariate analysis: Recipient age (HR 3.12, 95% CI = 1.26-7.77, p = 0.014) and DGF (HR 2.83, 95% CI = 1.12-7.19, p = 0.028). There were no statistically significant associations in graft failure in the multivariate model.
Recipient population
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Discussion
This observational cohort study assessed the outcomes of a transplant programme in a resource-limited setting. In this cohort the most common cause of death was sepsis and the risk of death was higher in older patients and those who had DGF.
In the public sector, dialysis selection criteria favours younger, fitter, healthier patients as suitability for transplantation is the guiding principle to select patients for scarce dialysis slots. [19] Therefore recipients from our cohort differ from other established transplant databases. This is evident when comparing our results with well-established registries like the United States Renal Data System [USRDS] and Organ Procurement and Transplantation Network [OPTN] . Table 8 demonstrates patient and graft survival from large registries and from countries performing transplants with a similar gross domestic product [GDP] to SA. The first distinguishing difference is that the mean recipient age is 37 +/-10.5 years. This contrasts the peak age bracket of transplantation in the USRDS of 45-64 years, [20] and furthermore in the OTPN, where the majority were > 50 years in the same age bracket. [21] Secondly our recipient cohort was healthier, with strikingly fewer patients with diabetes [5.4% compared to 34.5%]. [20] Finally, in numerous published registry data the most common cause of death in transplant recipients was cardiac related. [20, 22, 23] In our cohort, sepsis was the leading cause of death. Outcomes and challenges of a kidney transplant programme: A South African perspective The overall number in the study period was small (n = 198) compared to large registries that report outcomes. The majority (two thirds) of our cohort's transplants were from deceased donation. When we analysed the outcomes in separate living and deceased groups the numbers were too small to make statistically meaningful interpretations. When comparing 5-year graft and patient survival outcomes to larger registries our combined patient survival was comparable to large deceased donor cohorts. This is despite numerous challenges including 1) stratified immunosuppression, 2) limited tissue typing availability 3) extreme poverty and 4) a high infectious burden, particularly TB and HIV.
DGF and a recipient age greater than 40 years had a statistically significant increased risk of death. DGF is known to impact on recipient and graft survival. [37, 38] Similarly, age has been identified as a major indicator of risk of death in the post transplant period, with 40-50 year old recipients having a relative risk of 2.3 when compared with recipients less than 40 years. [39] Although not statistically significant, African race (HR 1.78) or an episode of rejection (HR 1.58) showed a moderate increased risk of graft failure on multivariate analysis. (Table 7) Black African race may serve as a proxy for other unmeasured factors such as poor socio-economic conditions. [40] Studies from the United States of America have found that African Americans had an increased risk of rejection and graft loss but not survival [41] ; and demonstrated a higher rate of readmissions, which predicted worse renal outcomes. [42] Sepsis was the leading cause of death in our cohort. This differs from other large registry data, which describes cardiovascular events as the leading cause of death. Our high burden of sepsis needs to be interpreted in the context in which we practice. In 2017, 7.06 million people were documented to be HIV positive in SA with a staggering estimated TB incidence of 438000 in 2016. This is coupled with poverty, malnutrition and resource rationing in our hospital especially for high care and intensive care unit [ICU] support. Thirteen patients died of sepsis. Three presented with sepsis and ESRD and were declined renal replacement and intensive care support due to non-compliance. Seven died within 6 months of transplantation, all experienced multiple episodes of sepsis in the postoperative period and died in ICU from nosocomial septicaemia. Of the patients that died 8 (61.5%) died within the first year of transplantation. See Table 6 Our programme also differs from high-income countries in that, due to cost constraints, we utilise immunological risk stratification protocols to determine treatment regimens. This is discussed as an alternative in the KDIGO clinical practice guidelines which states "if drug costs block access to transplantation, a strategy to minimise drug costs is appropriate, even if use of inferior drugs is necessary to obtain the improved survival and quality of life benefits of Outcomes and challenges of a kidney transplant programme: A South African perspective transplantation compared with dialysis." [43] This strategy for low risk patients includes limited use of biologic agents for induction, the use of azathioprine in preference to MMF and cyclosporine as the calcineurin inhibitor of choice. We report 59 episodes of rejection at the end of the first year within our cohort of 198 patients. This high rejection rate is multifactorial. It is important to acknowledge the limitations in the available tissue typing offered during the study period. From 2010 to 2013 we were only performing and measuring class 1 HLA Antibodies. Anti class 2 HLA Antibody testing was only available from 2013 onwards. B cell cross matches are still not available. Single Luminex antigen testing was only introduced for patients awaiting deceased donation on the transplant waiting list after the study was completed.
In 6 cases of PGF, venous thrombosis was identified as the cause of graft loss. A proportion of our dialysis population had prolonged femoral catheters in femoral veins for dialysis, which is a risk factor for future graft loss. [44] Arterial complications could be related to immunological risk factors. All arterial anastomosis were done in a standardised fashion i.e. anastomosing the renal artery to external iliac artery. Outcomes and challenges of a kidney transplant programme: A South African perspective
We recognise that this study has several limitations. Firstly, the study was performed in a single centre with retrospective study design. Secondly, the patient numbers between the living and deceased donor cohorts were too small to make meaningful statistical comparisons. In addition, no socioeconomic information was collected, which could have enhanced our inference on risk of death or graft failure in a lower socio-economic cohort. In view of our high septic complications this may prove to be important in the future when correlating graft and patient survival.
Conclusion
SA is the primary transplanting centre in SSA. In a four-year period, we were able to transplant an equivalent number of patients to whom we can offer dialysis-effectively allowing us to "turn-over" our dialysis service in a 4-year time span. This provides life-saving treatment to those on the waiting list, who have no other option for RRT. Despite resource constraints, significant poverty, limited access to immunosuppression and tissue typing our survival outcomes at 5 years are comparable with larger registry data for deceased donors. Therefore, in a resource-constrained environment with limited access to RRT, transplantation still remains a viable and essential treatment option for CKD.
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